Purpose: Effective provision of eye care services in government-financed hospitals is essential to balance the discrepancy between growing demand and limited resources. We aimed to improve efficiency of the treatment protocol for Nd:YAG laser posterior capsulotomy. Predetermined quality targets were a patient-oriented and patient-safe approach and the development of a clinical care process with purposeful use of competences. Methods: We utilized a lean process improvement methodology to develop a streamlined Nd:YAG laser posterior capsulotomy treatment protocol. A total of 206 patient visits were evaluated, where the lean-oriented treatment protocol was utilized in 158 of the visits and the conventional (CONV) protocol was followed in 48 of the visits. Results: All baseline variables were comparable between the study groups. Compared to the CONV protocol, implementation of new operational principles shortened the total reception time per patient from 55:36 AE 30:23; 12-136 min to 44:40 AE 4:49; 37-54 min (mean AE SD; range, p = 0.040). The per hour number of patients and eyes treated in the operation room improved from 4.7 AE 1.6; 2.6-8.4 patients and 5.5 AE 2.0; 3.5-11.3 eyes to 16.3 AE 2.3; 14.3-19.4 patients (p < 0.001) and 18.0 AE 1.6; 16.8-20.4 eyes (p < 0.001). The time spent by the operating physician reduced from 8:19 AE 3:06; 3:57-14:30 min to 3:01 AE 1:00; 1:34-6:38 min in unilateral procedure (p < 0.001) and from 8:45 AE 3:55; 5:52-14:10 min to 4:40 AE 2:03; 2:38-10:14 min in bilateral procedure (p < 0.006). Furthermore, the overall patient satisfaction grade improved from 17.3 AE 1.04; 15-18 points to 17.8 AE 0.61; 15-18 points (p = 0.001). Conclusions: The lean approach improved the treatment protocol for Nd:YAG laser posterior capsulotomy with substantial reductions in lead times without compromising patient satisfaction.
Introduction
Challenges facing the healthcare systems in developed countries, such as ageing population, worsening of the demographic dependency ratio and economic burden with exceeding budgets, require reform and new approaches for healthcare provision (Ryyn€ anen et al. 2004 ; Thorne et al. 2016 ). There is an imbalance between available healthcare resources and increasing demand of care for agerelated diseases (Tuulonen 2005) . This requires prioritization and development of cost-effective operational principles to balance the individual and collective good and to provide health services to as many as possible with the available resources (ETENE 2002) . With efficient and targeted division of labour, we can offer our patients quality services that are timely and necessary (Spear 2004) .
Implementation of new operational principles to cataract surgery resulted in savings in healthcare costs without compromising clinical outcomes Sarikkola et al. 2011 ). Standardization of high-volume eye health services is one among the concepts to promote access to care, safety and productivity (Tuulonen et al. 2016; Weingessel et al. 2017) . Improvement and synchronization of the national treatment protocols for ophthalmic care in the most cost-effective way were successful in collaboration with national legal and supervisory administrative organizations, with the utmost importance to create and implement sustainable and legally acceptable protocols for the benefit of patients with eye diseases (Tuuminen et al. 2017) .
Our purpose was to improve the laser posterior capsulotomy treatment protocol of the Kymenlaakso Central Hospital Ophthalmology Unit with help of the lean methodology and philosophy. Predetermined quality targets were a patient-oriented and patient-safe approach and the development of an economic treatment model with purposeful use of competences. The lean methodology is a set of concepts, principles and tools for providing the customer with the highest possible added value with the least resources by making full use of the skills and competence of the employees (Spear 2004 ).
Materials and Methods

Study design
We aimed to improve the efficiency of the treatment protocol for Nd:YAG laser posterior capsulotomy by implementing principles of the lean methodology. Predetermined quality targets were a patient-oriented and patientsafe approach and the development of a clinical care process with purposeful use of competences (Table 1) . The improved treatment protocol was compared with the previous conventional (CONV) protocol by lead times, per hour rate of patients and eyes treated and physician's work time on pre-and postoperative arrangements (Tables 4-5 ). Patient satisfaction was assessed with a survey after the operation (Table 6 ). Data were prospectively collected at the Kymenlaakso Central Hospital Ophthalmology Unit. A total of 206 patient visits were evaluated, where the lean-oriented treatment protocol was utilized in 158 of the visits and the CONV protocol was followed in 48 of the visits (Table 3) . The study was conducted according to the tenets of the Declaration of Helsinki and was approved by the Research Director of the Kymenlaakso Central Hospital. The authors of the study include physicians of the Kymenlaakso Central Hospital Ophthalmology Unit who were as such also objects of the study. Development of the improved treatment protocol was carried out in co-operation with physicians, the director of nursing services and hospital controllers. The time measurements were clocked by a research assistant or nurses working at the unit.
Lean-oriented improvement process
We evaluated our treatment protocol with a value stream analysis (VSA)-oriented approach by assessing the steps of the work process from the patient's and employee's point of view. In our original treatment protocol, the Nd:YAG laser posterior capsulotomies were carried out among other normal eye laser treatments and eyelid surgeries without much co-ordination. The operations were performed by a doctor and a nurse working together with their preferred methods. With the help of the VSA, we identified the inefficiencies in the process as well as the steps that added value in the process. As part of the VSA, we measured the time spent on each step of the process. The most important inefficiency discovered in the CONV process was underutilizing the time and skills of the operating physician as he/she had to wait during the preoperative and postoperative parts of the treatment process. The physician's time and talent were wasted preparing the treatment equipment and logging entries to the patient's medical records. Waiting related to calling and escorting patients to the operating room were also identified as waste.
We developed an improved treatment protocol with a purpose to reach a seamless and safe workflow (Table 2 ). This improved protocol also aimed at standardizing the tasks of each employee to improve the quality and safety of the treatment and to reduce waiting times. With our improved treatment protocol, the Nd: YAG laser posterior capsulotomies were synchronized and carried out on specific predetermined operation days. These predetermined days were selected based on spare resources of ophthalmic nurses available. The physician operating the laser was assisted by four nurses. A visual management technique was utilized to distinguish the treated eye by colour coding the patient.
Streamlined treatment protocol
The improved treatment protocol includes standardized steps for the treatment process and specific tasks for the employees, which aims at making the process faster and safer. Nurse I receives and escorts the patient to the waiting room, conducts the preoperative interview and colour codes the patient. Nurse II administers a mydriatic eye drop to the patient and escorts him/her to the operation room and seat. Nurse III makes an entry to the patient's medical record and inspects his/her medication list. After greeting the patient, the operating physician reads the referral, ensures the identity of the patient and the laterality of the eye, evaluates anterior segment and lens status and carries out the Nd:YAG laser posterior capsulotomy procedure. Nurse IV escorts the patient out of the operation room, instructs the patient with postoperative care instructions, controls intraocular pressure and cleans the instruments (Table 2 and Fig. S1 ).
Nd:YAG laser posterior capsulotomy technique
Ophthalmic solutions for mydriasis (Tropicamide 10 mg/ml, Oftan Ò Tropicamid and Phenylephrine Hydrochloride 100 mg/ml, Oftan Ò Metaoksedrin; Santen, Tampere, Finland) and local anaesthesia (Oxybuprocaine Hydrochloride 4 mg/ml, Oftan Ò Obucain; Santen) were preoperatively administered by the ophthalmic nurse. Before Nd:YAG laser posterior capsulotomy, the patient's ophthalmic and other medical history, current ocular therapy and allergies were reviewed, examination of the anterior segment and intraocular lens/capsular bag was performed, and the proposed procedure was shortly discussed with patient. Cruciate opening was created using central Abraham contact lens with ophthalmic gel (Carbomer lubricating eye gel 2 mg/ml, Viscotears Ò ; Santen), 1.3-1.6 mJ energy and deep focus technique with 150 lm posterior fixation (Ellex superQ; Dual Laser Ltd. Oy, Vantaa, Finland). An alpha-adrenergic agonist was administered in the eye immediately on completion of the Nd:YAG laser posterior capsulotomy to minimize the postoperative intraocular pressure spike (Apraclonidine, Iopidine Ò 5 mg/ml; Alcon Laboratories, Fort Worth, TX, USA), and intraocular pressure was measured by rebound tonometry (iCare Ò tonometer; Revenio Group, Vantaa, Finland). Ergonomics was taken into account as the patients were scheduled according to referrals so that the eye laterality A patient-oriented and patient-safe approach The development of an economic approach (minimizing wasted resources) Purposeful use of competences changed every ten patients, and bilateral cases were treated last.
Data collection
Data were prospectively collected at the Kymenlaakso Central Hospital Ophthalmology Unit. The preoperative best corrected visual acuity (BCVA), duration of the cataract surgery, the time elapsed between cataract surgery and Nd:YAG laser posterior capsulotomy, and the axial length of the eye were collected from the patients' charts. We measured the time spent on each step, that is preoperative arrangements, laser treatment, postoperative arrangements and during switching the patients. Patient satisfaction was assessed with a six-step survey that was filled out by the patient after the operation. The questions regarding (i) satisfaction on invitation letter, (ii) waiting time during the whole process, (iii) the laser posterior capsulotomy procedure itself, (iv) instructions given after treatment, (v) the process of discharge from the unit and (iv) personal clinical encounter with the healthcare professionals were semiquantitatively graded by the patient from 1 to 3. The overall grade from 6 to 12 was considered poor, 13 to 15 satisfactory, 16 to 17 good and 18 excellent.
Statistical analysis
The improved treatment protocol was compared to the CONV protocol regarding baseline characteristics, lead times and patient satisfaction. All data are presented as mean AE SD, except for the absolute number and proportion for the nominal scale. IBM SPSS Statistics 23 (SPSS Inc., Somers, NY, USA) was used for statistical analysis. For two-group comparisons, qualitative data were analysed using the twofactor chi-squared test, ordinal measurement scale with the nonparametric Mann-Whitney U-test and continuous variables with Student's t-test. p ≤ 0.05 was considered statistically significant.
Results
The baseline clinical characteristics including age, gender, laterality of the eye, preoperative BCVA, duration of the cataract surgery, the time elapsed between cataract surgery and Nd:YAG laser posterior capsulotomy, and the axial length of the eye did not differ between the two groups (Table 3 ). In our improved treatment protocol, the total reception time per patient was shortened from 55:36 AE 30:23 to 44:40 AE 4:49 min, when compared to the CONV protocol (p = 0.040, Table 4 ). The number of patients and eyes that were treated in the operation room in 1 hr increased from 4.7 AE 1.6 patients and 5.5 AE 2.0 eyes to 16.3 AE 2.3 patients and 18.0 AE 1.6 eyes (p < 0.001 for both, Table 4 ).
The operating physician's work time was fragmented to phases in YAG laser posterior capsulotomy. In our improved treatment protocol, the total work time in the operation room with patients who were treated unilaterally reduced from 8:19 AE 3:06 to 3:01 AE 1:00 min, when compared to the CONV protocol (p < 0.001, Table 5 ). Similarly, the time spent in the operation room with patients who were treated bilaterally was shortened from 8:45 AE 3:55 to 4:40 AE 2:03 min (p < 0.006, Table 5 ). The operating physician's workload was shortened in every step of the process, that is preoperative arrangements, duration of operation, the postoperative phase and time of switching the patients (Table 5) .
Finally, we analysed patient satisfaction. The rate of reply to the patient satisfaction survey after the operation was 97.9% (47 of 48 patients) in the CONV treatment model group and 97.5% (154 of 158 patients) among patients in the improved clinical care process (p = 0.860, Table 6 ). In the CONV treatment model group, 10.6% of the patients considered the treatment satisfactory (five of 47 patients), 21.3% good (10 of 47) and 68.1% excellent (32 of 47). In the improved clinical care process, the respective values were 2.6% (four of 154), 10.4% (16 of 154) and 87.0% (134 of 154; p = 0.002). None of the patients considered the treatment unsatisfactory. The overall patient satisfaction rate was good in the CONV treatment model (17.3 AE 1.04) and excellent (17.8 AE 0.61) in the improved clinical care process group (p = 0.001, Table 6 ). Patient satisfaction rate was higher in the improved treatment process compared to the CONV protocol also when the invitation letter (p = 0.003, Table 6 ) and waiting time (p = 0.005, Table 6 ) were considered.
Discussion
The current study examined application of the lean methodology for improving the treatment protocol for Nd:YAG laser posterior capsulotomy at an urban, district hospital. The streamlined treatment protocol succeeded in improving the purposeful use of competences, efficacy of the treatment and cut of waste, leading to shorter lead times and higher operation room utilization compared to the standard protocol. Ultimately, patient satisfaction was improved with the new streamlined protocol. This was a single-centre study with relatively small patient numbers which limit our ability to generalize our findings to other clinical and geographical settings. The source of patients comprised the Kymenlaakso Health Care District Population and as such was representative of the entire source population (n = 174 000). The sample of patients was collected from unselected, consecutive patient referrals. The study design was not randomized which means there was potential for allocation bias and confounding factors. The allocation was the result of patient appointment scheduling by hospital secretaries which may be considered equivalent for most practical purposes to an almost random sample. The treatment groups were similar regarding the baseline characteristics reported in Table 3 , but unknown confounding variables cannot be accounted for. The relative clinical experience of individual ophthalmologists and nurses has not Data are given as mean AE SD and range (min-max) or absolute number and proportion. For two-group comparisons, two-factor chi-squared test was used for qualitative data, and Student's t-test for continuous variables. p ≤ 0.05 was considered statistically significant. BCVA = best corrected visual acuity on a standard Snellen chart; CONV = conventional treatment model; LEAN = lean-oriented treatment model. Due to the increasing discrepancy between the demand and availability of resources for healthcare services, a trend towards improving the productivity of Finnish eye healthcare services has become apparent. This is highlighted in recent publications, for example a report which describes the implementation of a new strategy at Tampere University Hospital Eye Centre (Tampere, Finland) where revised operational concepts and new facilities together with a 15% increase in work contribution led to a 46% increase in overall productivity (Tuulonen et al. 2016) . The cost-effectiveness of treatment methods has also been evaluated; for example, an economic-analysis comparison of simultaneous and sequential bilateral cataract surgery reported comparable clinical outcomes with substantial savings in healthcareand nonhealthcare-related costs . Furthermore, cost-effective care was given importance in national guidelines for wet age-related macular degeneration and glaucoma (Tuulonen et al. 2014; Tuuminen et al. 2017 ). This lean-oriented improvement process for Nd:YAG laser posterior capsulotomy treatment protocol described here is a novel concept to the best of our knowledge.
Lean principles were successively implemented in improving the treatment protocol for Nd:YAG laser posterior capsulotomy with substantial reductions in lead times without compromising patient satisfaction. Future studies may determine whether these operational concepts are feasible in various hospital settings to improve access to care and productivity in highvolume services of eye care. 
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Additional Supporting Information may be found in the online version of this article: Fig. S1 . Streamlined treatment protocol. Data are given as mean AE SD and range (min-max) in patients with conventional (CONV) and lean-oriented (LEAN) approach. Patient satisfaction was recorded by six-step questionnaire having each variable graded from 1 to 3. For two-group comparisons, Mann-Whitney U-test was used for ordinal measurement data. p ≤ 0.05 was considered statistically significant (in bold).
